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Prediction of Individual Mandibular Changes Induced by Functional Jaw
Orthopedics Followed by Fixed Appliances in Class II Patients
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ABSTRACT
Objective: To identify pretreatment cephalometric variables for the prediction of individual man-
dibular outcomes of functional jaw orthopedics (FJO) followed by fixed appliances in Class II
patients treated at the peak in mandibular growth.
Materials and Methods: The study was performed on 51 subjects (24 females, 27 males) with
Class II malocclusion. First-phase therapy was accomplished with a twin block in 16 subjects, a
stainless steel crown Herbst in 15 subjects, and an acrylic splint Herbst in 20 subjects. Lateral
cephalograms were available at the start of treatment with FJO and at the completion of fixed
appliance therapy. All subjects received FJO at the peak in mandibular growth (CS 3 at T1).
Individual responsiveness to Class II treatment including FJO was defined on the basis of the T2-
T1 increment in total mandibular length (Co-Gn) when compared with untreated Class II subjects.
Results: Discriminant analysis identified a single predictive parameter (Co-Go-Me) with a clas-
sification power of 80%. Pretreatment vertical and sagittal parameters were not able to improve
the prediction based upon the mandibular angle.
Conclusions: A Class II patient at the peak in skeletal maturation (CS 3) with a pretreatment
Co-Go-Me smaller than 125.5 is expected to respond favorably to treatment including FJO. A
Class II patient at CS 3 with a pretreatment value for Co-Go-Me greater than 125.5 is expected
to respond poorly to treatment including FJO.
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INTRODUCTION
A wide range of functional/orthopedic appliances
aimed to stimulate mandibular growth by forward pos-
turing of the mandible is available for the correction of
Class II disharmony,1 a type of malocclusion that af-
fects one third of the North American population.2–4
Systematic reviews of the literature5,6 on the outcomes
of functional jaw orthopedics (FJO) in Class II maloc-
clusion have shown a substantial variability of reported
results. These differences have to be ascribed mainly
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to the type of appliance used (as related to the dura-
tion of active treatment needed to achieve a Class II
correction, and to the patient’s compliance required)
and to the timing of intervention.
Among the different types of functional appliances,
the Herbst and the twin block demonstrated the great-
est efficiency in Class II correction.6 As for treatment
timing, significantly greater effects of FJO have to be
expected when treatment is carried out at the peak in
mandibular growth as detected by a reliable indicator
of skeletal maturity (hand and wrist analysis, cervical ver-
tebral maturation method, analysis of increases in sta-
tural height) when compared to the outcomes of treat-
ment performed before or after the growth spurt.7–11
In addition to the variability in treatment response
among different studies, a similarly wide variability can
be assessed within individual studies, ie, a significant
variability in the response of individual patients to the
same treatment protocol. Hence the clinical interest of
those investigations aimed to identify pretreatment
cephalometric determinants of successful FJO.
Most of the available studies have analyzed factors
for individual success of FJO in terms of occlusal cor-
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Figure 1. Landmarks, distances, and planes used for the cephalo-
metric analysis.
rection (correction in overjet and molar relation).12–17
Patel and coworkers17 have discriminated successful
and unsuccessful outcomes of FJO on the basis of the
amount of skeletal change between the maxilla and
the mandible (ANB angle). An alternative approach to
the evaluation of treatment outcomes following the use
of functional/orthopedic appliances in Class II maloc-
clusion may refer to the assessment of increases in
mandibular dimensions. As a matter of fact, the pri-
mary objective of FJO in Class II patients with man-
dibular skeletal retrusion is the enhancement of man-
dibular growth, ie, the supplemental amount of man-
dibular growth with respect to untreated Class II sub-
jects. An additional limitation of existing literature on
pretreatment indicators of therapeutic outcomes of
FJO is the lack of information about the individual skel-
etal maturity of treated patients at the start of therapy.
The aim of this cephalometric investigation was to
identify pretreatment parameters for the prediction of
individual mandibular changes induced by functional
jaw orthopedics followed by fixed appliances in Class
II patients treated at the peak in mandibular growth.
The discriminant factor for individual responsiveness
to therapy consisted of a significant amount of supple-
mentary growth along total mandibular length in treat-
ed Class II patients compared to untreated Class II
patients.
MATERIALS AND METHODS
The study was performed on a sample of 51 sub-
jects (24 females, 27 males) with Class II division 1
malocclusion characterized by full Class II molar re-
lationship, excessive overjet, and ANB angle greater
than 4 degrees. Treatment protocol consisted of a first
phase with a functional appliance immediately fol-
lowed by a second phase with fixed appliances to re-
fine occlusion. No auxiliary devices for the correction
of Class II malocclusion, such as Class II elastics or
headgear, were used during the phase with fixed ap-
pliances.
The first phase of therapy was accomplished with a
twin block in 16 subjects (8 females and 8 males), with
a stainless steel crown Herbst in 15 subjects (9 fe-
males and 6 males), and with an acrylic splint Herbst
in 20 subjects (7 females and 13 males). The three
treatment protocols were accomplished by three clini-
cians who treated patients consecutively. Design and
details of treatment regimen for the three functional
appliances have been described elsewhere.1 Previous
reports have indicated that the three types of function-
al appliances produce similar dentoskeletal effects in
Class II patients when evaluated after a phase of fixed
appliances.18,19
Lateral cephalograms were available at the start of
treatment with FJO (T1) and at the completion of fixed
appliance therapy (T2). The average age of the sam-
ple was 12 years and 3 months  10 months at T1,
and 14 years and 5 months  1 year at T2. The av-
erage duration of comprehensive Class II treatment
was 2 years and 3 months  7 months. All subjects
received treatment with the functional appliances at
the peak in mandibular growth as appraised by means
of the cervical vertebral maturation method20 (CS 3 at
T1).
Cephalometric Analysis
Cephalometric measurements at T1. The following
cephalometric parameters were evaluated at the start
of treatment with the functional appliances (T1) (Figure
1).
Sagittal skeletal relationships: ANB (); maxilloman-
dibular differential (mm, difference between total man-
dibular length, Co-Gn, and midfacial length, Co-A).
Vertical skeletal relationships: Palatal plane to
Frankfort horizontal (); mandibular plane to Frankfort
horizontal (); palatal plane to mandibular plane ().
Morphologic and dimensional mandibular measure-
ments: Co-Go-Me; B-Pg to Go-Me (); ratio between
Co-Go and S-Co; ratio between Go-Me and S-N.
Cephalometric measurements at T2. At the comple-
tion of comprehensive Class II treatment (T2), total
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mandibular length (Co-Gn) was measured on the lat-
eral cephalograms of all patients (Figure 1).
Definition of Mandibular Responsiveness to
Class II Treatment Including FJO
Individual responsiveness to Class II treatment in-
cluding a functional appliance was defined on the ba-
sis of the T2-T1 increment in total mandibular length
(Co-Gn) in the treated subjects during the observation
period when compared with untreated subjects with a
Class II malocclusion. For this purpose a group of 19
subjects (11 females and 8 males) with untreated
Class II division I malocclusion were selected from the
University of Michigan Elementary and Secondary
School Growth Study21 and their lateral cephalograms
were analyzed at two time periods: T1, average age
of 12 years and 2 months  1 year, and T2, average
age of 14 years and 5 months  1 year and 3 months,
with an average T1-T2 interval of 2 years and 4
months  9 months. Occlusal and skeletal character-
istics of the untreated Class II group matched those of
the treated group based on the data of cephalometric
measurements at T1. All subjects of the untreated
group underwent the peak in mandibular growth during
the observation period as appraised by means of the
cervical vertebral maturation method (CS 3 at T1).
To overcome slight differences in treatment/obser-
vation durations among the subjects treated with the
three types of functional appliances and the untreated
subjects, T2-T1 differences in total mandibular length
were biannualized. The average biannual increase in
total mandibular length in the untreated Class II sam-
ple was 3.3  1.5 mm.
A clinically significant response in terms of supple-
mentary elongation of the mandible in treated subjects
was calculated in accordance with the estimated pow-
er for the present study. Because of the number of
subjects in the treated and untreated samples, the
standard deviations for the examined measurement
(T2-T1 differences in Co-Gn), and with the desired
power of 0.85, the clinically significant difference for
total mandibular length between treated and untreated
samples was equal to 2.0 mm. Therefore, the clinically
significant amount of supplementary elongation of the
mandible in treated subjects in 2 years was set at 5.3
mm.
On the basis of this reference growth increment,
‘‘good responders’’ (GR) to Class II treatment includ-
ing FJO were defined as those treated subjects show-
ing a biannual increase in Co-Gn greater than 5.3 mm.
On the contrary, ‘‘bad responders’’ (BR) to Class II
treatment including FJO were defined as those treated
subjects showing a biannual increase in Co-Gn equal
to or smaller than 5.3 mm. GR consisted of 34 sub-
jects, 15 females and 19 males, whereas BR com-
prised 17 subjects, 9 females and 8 males.
Lateral cephalograms of both treated and untreated
samples at T1 and T2 were standardized as to mag-
nification factor (8%) and analyzed by means of a dig-
itizing tablet (Numonics, Lansdale, Pa) and of digitiz-
ing software (Viewbox, ver 3.0, D Halazonetis, Athens,
Greece).
Method Error
The assessment of the method error for the ceph-
alometric measurements was performed on 20 ceph-
alograms selected randomly from the total of the ob-
servations using Dahlberg’s formula22. The error
ranged between 0.1 and 0.3 for cephalometric ratios,
between 0.1 and 0.8 mm for the linear measurements,
and between 0.2 and 1.2 for the angular measure-
ments.
Data Analysis
Discriminant analysis was applied to cephalometric
values of the 51 subjects at T1. In order to arrive at
the best model for discrimination, the first phase of the
analysis was to select the most important variables for
group separation between GR and BR. Therefore,
stepwise variable selection was used to identify pre-
dictive variables. Forward selection procedure with F-
to-enter and F-to-remove equal to 4 was chosen.
When the smallest set of significant discriminant vari-
ables was selected, the predictive power (classification
power) of the model was tested by means of discrim-
inant analysis (SPSS for Windows, version 12, SPSS
Inc, Chicago, Ill).
RESULTS
Stepwise variable selection generated a one-vari-
able model that produced the most efficient separation
between the two groups (GR vs BR). The variable se-
lected was the mandibular angle (Co-Go-Me). The
classification power of the selected variable model
was 80.4 %. Only one out of five cases in each group
was not classified correctly. Unstandardized discrimi-
nant function coefficients of the selected variable to-
gether with a calculated constant lead to the following
equation that provides individual scores for the as-
signment of a new case to GR or to BR:
Individual score  0.275  34.279(Co-Go-Me)
The critical score (ie, the value dividing GR from BR)
is 0.249, ie, the mean value of the group centroids of
the two groups (0.498 and 0.996 for GR and BR, re-
spectively). Each new patient with Class II malocclu-
sion at CS 3 that will show an individual score smaller
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than the critical score is expected to respond favorably
to treatment including FJO in terms of supplementary
mandibular elongation. On the contrary, each new pa-
tient with Class II malocclusion at CS 3 that will show
an individual score greater than the critical score is
expected to have a poor response to treatment includ-
ing FJO in terms of supplementary mandibular elon-
gation. The classification power of the selected model
was cross-validated successfully on a separate group
of 20 subjects with Class II subjects treated with the
same protocols (twin block or Herbst followed by fixed
appliances) at CS 3 (classification power  90%).
From a practical point of view, the single-variable
outcome of discriminant analysis enables the direct
determination of actual values of the discriminant pre-
treatment parameter (Co-Go-Me) for the critical score
(125.5). This means that each new Class II patient at
CS 3 with a pretreatment value for Co-Go-Me smaller
than 125.5 is expected to respond favorably to treat-
ment including FJO in terms of supplementary man-
dibular elongation. On the contrary, each new Class II
patient at CS 3 with a pretreatment value for Co-Go-
Me greater than 125.5 is expected to respond poorly
to treatment including FJO in terms of supplementary
mandibular elongation.
DISCUSSION
The results of the present study revealed that the
Co-Go-Me angle can be used for an efficient discrim-
ination between good and poor responders to treat-
ment of Class II malocclusion with a protocol that in-
cludes a first phase with a functional appliance fol-
lowed immediately by a second phase with fixed ap-
pliances to refine occlusion.
The reliability of the mandibular angle as a pretreat-
ment predictor of the outcomes of Class II therapy was
cross-validated successfully on a different sample of
Class II subjects, thus reinforcing the usefulness of the
predictive parameter on newly-observed patients. The
prediction error of 20% can be explained easily by tak-
ing into consideration the many variables that can in-
fluence treatment outcomes in the orthodontic patient
regardless of expected average efficacy of a given
treatment protocol (patient’s compliance, proficiency of
the operator, practical management of the appliance,
intensity/quality of patient’s systemic factors, etc.). It
must be stressed that in the present study all subjects
started treatment at the peak in mandibular growth.20
The clinical and biological meaning of the discrimi-
nant pretreatment variable (Co-Go-Me angle) de-
serves to be elucidated further. After the classical
studies by Petrovic et al9 and Petrovic and Stutz-
mann,23 the positive correlation between mandibular
growth potential and mandibular responsiveness to
FJO has been clearly established. Petrovic24 demon-
strated that the growth rate, ie, the potential respon-
siveness of the individual subject to FJO aimed to
stimulate growth at the mandibular condyle, is signifi-
cantly greater in the presence of anterior growth ro-
tation of the mandible than in the presence of posterior
growth rotation of the mandible. The morphological
mandibular features related to anterior/posterior
growth rotation of the mandible are expressed ce-
phalometrically best by the angle formed by the con-
dylar axis and the mandibular base.9,25
The results of the present investigation are in agree-
ment with previous experimental findings in both ani-
mals and humans,9 and they suggest that a small pre-
treatment mandibular angle (Co-Go-Me angle 
125.5) is correlated with the evidence of an enhanced
responsiveness to FJO, and vice versa.
In this conceptual context, it is also important to em-
phasize differences between cephalometric indicators
of mandibular morphology and those of mandibular
position within the craniofacial complex. It has been
shown in the past that morphological changes of the
mandible, namely the change in the inclination of the
condyle to the mandibular base, are linked intimately
with the growth features of the mandible at the puber-
tal peak.26 Moreover, the modification in condylar
growth direction is one of the significant skeletal ef-
fects of FJO when performed at puberty.10,11
The position of the mandible in relation to other cra-
niofacial structures (eg, relation of the mandibular
plane to the palatal plane or to the Frankfort plane)
does not play a significant role in predicting either
mandibular growth direction25 or individual responsive-
ness to functional jaw orthopedics.13,15 In the present
study, pretreatment cephalometric variables related to
the position of the mandible in the vertical plane did
not enter into the discriminant equation between good
and poor responders to Class II treatment with FJO.
Also, neither the position of the mandible in the sagittal
plane nor the amount of skeletal discrepancy between
the maxilla and the mandible were significant predic-
tors of individual responsiveness to Class II treatment,
in contrast with previous results by Caldwell and
Cook15 and by Patel and coworkers.17 The comparison
with the preexisting literature, however, is hindered by
the fact that the present study used supplementary
growth of the mandible instead of dentoskeletal cor-
rection as a discriminant factor for differential respon-
siveness to Class II treatment.
CONCLUSIONS
• Each new Class II patient at the peak in skeletal
maturation (CS 3) with a pretreatment value for Co-
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Go-Me smaller than 125.5 is expected to respond
favorably to treatment including FJO.
• Each new Class II patient at CS 3 with a pretreat-
ment value for Co-Go-Me greater than 125.5 is ex-
pected to respond poorly to treatment including FJO.
• Vertical and sagittal craniofacial features before
treatment are not able to improve this prediction
based upon mandibular morphology.
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